We have studied the two-dimensional Hubbard model on a square lattice with nearest-neighbor hopping. We first discuss the properties of the model within the mean-field approximation: Because of the form of the band structure, some peculiar features are found. We then discuss the simulation algorithm used and compare simulation results with exact results for 6-site chains to test the reliability of the approach. We present results for thermodynamic properties and correlation functions for lattices up to 8&&8 in spatial size. The system is found to be an antiferromagnetic insulator for all values of the coupling constant at zero temperature in the half-filled-band case, but the long-range order is much smaller than predicted by mean-field theory. We perform a finitesize-scaling analysis to determine the character of the transition at zero coupling. For non-halffilled-band cases, our results suggest that the system is always paramagnetic, in contradiction with Hartree-Fock predictions. The system does not show tendency to ferromagnetism nor triplet superconductivity in the parameter range studied. We also discuss some properties of the attractive Hubbard model in the half-filled-band case.
I. INTRODUCTION
The Hubbard model' is defined by the lattice Hamiltonian: I= gt, , (c; c, +H. c.)+U+n;, n;, pg(n;, -+n;, ) .
It describes a single s band in a tight-binding basis, with a local electron-electron repulsion U for electrons of opposite spin at the same atomic orbital. The model is thought to be appropriate to describe the main features of electron correlations in narrow energy bands, leading to collective effects such as itinerant magnetism and metal-insulator transition, and has been often used to describe real materials exhibiting these phenomena.
A detailed justification for Eq. (1) as a model for narrow-band systems has been given by Hubbard. Although simple in appearance, the model cannot be solved exactly except in one dimension.
Even there, the exact solution provides only partial information about the system. In more than one dimension, the model is not ex- 
The q-dependent zero-frequency susceptibility (per spin) for the noninteracting case is given by 2Xp(q) x(q)= 1 -UXp(q) (2.10) +Up ((n;")n, , +n;"(n;, ) -(n;, )(n;, )) ' ((n;, -n;, )(n, n, ))- Fig. 11(b) (0) Figure 17 shows the behavior of the spin-spin correlation functions for U=4 and several band fillings, for 6X6 lattices at It3=4. 5. We also show the results for 4X4, p=3. Except for the case p= 1, there is essentially no change in the spin-spin correlations in going to larger lattices and decreasing the temperature. This suggests that there is no magnetic order except for p = 1. The peak value shifts from (lr, rr) as the filling is decreased. The results are very similar to the ones obtained with no correlations except for the p= 1 case. Figure 18 shows the case p=0. 9 for 4X4 at It3=2; 6X6, p=3; and 8 X 8, p=4. The peak is still at (m, vr) here, since we are close to the half-fiHed band, and there is a small increment in going to larger lattices and increasing P. There is a large difference, however, with the cor- responding half-filled case (Fig. 11) , while Hartree-Fock theory predicts the antiferromagnetic order for p=0.9 to be still 75% of the value for p=1. Also, S(m, m) appears to be saturating as N and P increase. In Fig. 19 Finally, we have also studied pairing correlations in our simulation. We measured the singlet-and triplet-pairing susceptibility, given by These susceptibilities peak at q =0, and diverge if the system undergoes a transition to a singlet or triplet superconducting state. Figure 21 We have also explored pairing correlations and, in particular, triplet pairing. Recently, it has been suggested that triplet superconductivity could occur in strongly interacting fermion systems, driven by an electronic interaction mechanism.
Our results suggest that this is unlikely in a single-band model; it could, however, conceivably occur in models with more than one band. 
